Abst1'8Ct--How the scales adhered to the boilers and pipes should be eliminated is becoming a problem of urgent importance.
Introduction
A boiler as a steam generation device is widely utilized everywhere in sites ranging from a building to a thermoelectric power station as warming equipment or as an electric generator. In case of warming in a building, city water is mainly used as a source allowing steam to be generated. However in city water, Ca, Mg, Si, etc. are, although some difference is noted, always dissolved in state of ions and as a result, such compounds as of CaC0 3 , MgCO a , Si0 2 , etc. are formed. These compounds are adhered as scale to the inner walls of the boiler and pipings or precipitated as sludge, and obstruct smooth flow of the steam inducing a cause to lower thermal efficiency of the steam. Investigation has conventionally been given to the methods to remove these kinds of scale and sludge [1] . The authors of this paper earlier made a research placing emphasis on the ferrous products that are contained in the wastes such as scale, released a report concerning the properties including the magnetic characteristics of such products [2] [3]. In the research, the adhered products are magnetically removed to be recovered with the attention paid to the Lorentz force by operating the boiler to permit a magnet to be equipped from the outside of the pipings.
Experimental method
To do magnetic removal of the products adhered to the inside walls of the boiler and pipings, an apparatus illustrated in Fig.1 was experimentally constructed. City water was used as the circulation water in the apparatus, and the flow rate of the water was determined to be 2m 3 1h.
The pipings (1" f/> ) made of galvanized steel pipes that had actually been in use for approximately 5 years ware employed for the experiment. While the content of the component substances contained in the removed products was measured by fluorescent X-ray spectrographic analysis, and the products were identified in accordance with X-ray diffraction. On the other hand, saturation magnetization of the products was measured at 300 0 K in a vibrating sample magnetometer (VSM) up to a field of 1.5T. The removed products were recovered by attaching bypasses onto the apparatus in Fig.1 with a magnet equipped on the outside of the pipings under the control of the magnetic field.
Experimental results and observation
The cross section of the pipings used for the experiment of the magnetic removal is, as illustrated in Fig.2 , roughly classified into 3 parts, i.e. the part of the steel pipe materials (steel), the part where the products brought about by corrosion of the boiler and pipings are adhered to the portion near the pipe surface (bottom part), and the surface of the adhered products (upper part). The content of the individual component substance contained in the adhered products on both the upper and bottom parts was measured by fluorescent X-ray spectrographic analysis, the results of which are listed in Table 1 . It is revealed that the main component of the products of the bottom and upper parts is ferrous compounds. Likewise it is revealed that some amounts of the compounds such as Zn, Si, etc. were formed. Meanwhile the results obtained by identifYing the products using X-ray diffraction are shown in Fig.3 . It is explained that FeaO, is a major compound in case of either of the bottom and upper parts. It is also explained that several amounts of a -FeOOH are formed in addition to the said compound. Furthermore value of the saturation magnetization is 40-50emu/g in either case of the bottom and upper parts.
When a magnet is equipped onto the out· side ofthe pipings and when not equipped, in the case of the used pipings attached to the experimental apparatus in Fig.i When the pipings equipped and unequipped with a magnet are compared, it is perceived that not so remarkable difference is at first noticed with the amount of the removal substance because the surface (upper part) of the products are scraped by the force of the, flowing aqueous solution. However as time passes, the amount of the removal substance caused by the electromagnetic field'is increased remarkably, making the difference of the amount between removal substance when equipped and not equipped with a magnet. Thus the difference reached the value of 4 times after one month. This might have stemmed from the reason that when a magnetic force line generated by approximately O.02T leakage magnetic field, is cut by an aqueous solution containing electric current in the pipe originated from equipping a O.3T magnet onto the pipings, the removal of the adhered products was in progress owing to the Lorentz force induced by the action of the electromagnetic field. 
